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Abstract
We consider meson radiative decays within the framework of U0(1)× U(1)× SU(2) gauge sym-
metry. This approach is based on the linear sigma-model extended by the gauge and quark-meson
interactions. Physical content and parameters of the model are discussed. Theoretical predictions
for some radiative decays of vector mesons are in a good agreement with the experimental data.
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1. INTRODUCTION
The low energy processes with a hadron participation are permanently in the center of
theoretical and experimental activity. New measurements and more precise experimental
data force us to look for new theoretical approaches. There are two known and widely used
methods of effective Lagrangian’s approach in hadron physics: the effective Lagrangian
deriving from the QCD principles immediately [1]-[11], and the use of various dynamical
symmetries to build the basic Lagrangian in a phenomenological way [12]-[18]. The linear
sigma-model (LσM) is the most popular and examined part of the second way. It is the main
approach to the effective analysis of nucleon-nucleon [19]-[21] and quark-meson interaction
[12, 13, 22, 23, 24] together with the vector dominance model [25]-[27].
An exact theory of the meson interactions should be nonperturbative. That is why a lot
of hadron characteristics (effective couplings, formfactors etc.) are calculated, in particular,
in the QCD Sum Rules method operating with some nonperturbative vacuum parameters.
And that is precisely why we need in effective meson interaction theory giving an information
on the low-energy effects and hadron structure.
An effective model of SUL(2) × SUR(2) chiral interactions can be deduced from the
fundamental QCD [4], using the bosonization procedure. In such a way, the gauge structure
of meson interactions follows from the quark level QFT [4]. Thus, the initial quarks with
current masses transform to the constituent ones with effective masses ∼ 300MeV , including
some contribution of the internal gluon substructure. Therewith, quark loops simulate an
uprising of nonperturbative model parameter. So, the proportionality of pion mass to the
”quark condensate” is restored in the framework of such effective models [28, 29]. Further,
to incorporate electromagnetic and strong (vectorlike) interactions into the effective theory
an appropriate vector fields are introduced as the gauge fields. The vector meson treatment
as the gauge fields realizing some dynamical symmetry, is useful to diminish some theoretical
uncertainty of phenomenological description of the hadron interactions. In Refs. [15]-[18]
the gauge models were successfully used for the consideration of some low-energy aspects
of baryon-meson interaction. It means that the fundamental quantum field principles can
be applied to the describing of interaction at the different hierarchical levels. In the case
under consideration, it provides a transition from the quark-level sigma model (QσM) to
the nucleon-level sigma model (NσM).
To construct an effective meson interaction model, we will use the gauge scheme based
on U0(1) × U(1) × SU(2) group. This group is the simplest one to consider the light un-
flavored vector mesons, ρ and ω, together with the photon, as the gauge fields. Moreover,
it has the necessary symmetry to describe the electromagnetic and strong meson-meson
and quark-meson interactions, which are insensitive to the chiral structure. So, to analyze
the electromagnetic and strong effects only, it is sufficient to localize the diagonal sum of
the global chiral SUL(2) × SUR(2). This sum corresponds to SU(2) subgroup of the total
gauge group U0(1) × U(1) × SU(2). The extra U(1) groups are introduced for the gauge
realization of the vector meson dominance (see the next section). Note that in the model
we deal with the constituent quarks not with the fundamental current ones. Obviously, the
electromagnetic interaction violates the isospin symmetry.
After the spontaneous breaking of the symmetry, Higgs fields can be associated with the
scalar mesons a0(980) and f0(980) (see the next section).
As it was noted above, this model reproduces the relation m2pi ∼ mq < q¯q >, if the quark
condensate is taken into account in the equation for the vacuum shift. Further, quarks arise
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in the model as the gauge group representations, and these degrees of freedom account for
the internal meson structure. In fact, quark-meson models (see also [22, 30]) are necessary
hybrid approaches to reproduce both nonperturbative and structure effects of the low-energy
meson interactions.
In this paper, the gauge scheme interactions of ω, ρ and γ with quarks and mesons are
analyzed. In particular, this scheme describes some important features of radiative decays
of vector mesons. Namely, the electromagnetic quanta mixing with ω- and ρ- fields leads
to the gauge variant of vector dominance, i.e. all these interactions are considered in the
same way. So, we deal with the QσM which incorporates gauge interactions of vector
mesons with the constituent quarks. Then, the model accounts for hadronic internal degrees
of freedom, which are described in the quantum field approach. Really, two-level (quark-
meson) structure of the model realizes some analog of the ”bootstrap” idea.
The model contains a number of free parameters in the gauge sector, which can be fixed
from the well measured two-particle decays of vector mesons. As it will be shown later, the
gauge model predictions for the radiative vector meson decays are strict (without any free
parameters).
As a rule, the radiative decays ρ0 → π+π−γ and ω → π+π−γ were described in a
phenomenological way. Within the framework of the gauge model, these processes arise at
the tree level. There is a good agreement between the theory and the experimental data on
the vector meson radiative decays. So, these decays can be successfully studied in the gauge
field approach.
Internal meson structure is described by the quark-meson sector of the model. These
aspects of the model have been tested in ρ → π0γ, ω → π0γ and ρ0 → e+e− decays and
results of calculations are in a good agreement with the experimental data. Analysis of the
decay ω → π0π+π− [30, 31, 32, 33], which arises at the loop level due to the quark-meson
interaction only, is more cumbersome. Calculations done show that the three-pion decays of
ω− and ρ− mesons are well descripted in this model. The obtained results are in preparation
now.
The structure of the paper is as follows. In Section 2 the gauge field model is described.
Numerical results for tree decays ρ0 → π+π−γ and ω → π+π−γ are presented in Section 3.
We consider loop decays ρ0 → π0γ, ω → π0γ and ρ0 → e+e− in Section 4.
2. THE GAUGE FIELD MODEL OF MESON-MESON AND QUARK-MESON IN-
TERACTIONS
The gauge model of the low-energy meson interactions is based on the conceptual as-
sumption concerning the transfer of gauge principles from the fundamental quark level to
the effective hadron one. Just the same transfer was deduced in Ref. [4] for the case of
quark-meson hierarchy levels. The applicability of the gauge approach to the baryon-meson
interaction was demonstrated in Refs. [15]-[18]. In this work, we show the validity of the
gauge scheme for the case of meson-meson and quark-meson effective interactions.
We describe ω- and ρ- mesons together with γ- field within the framework of the gauge
approach. Thus, the strong and electromagnetic interactions are united in the gauge scheme.
The simplest variant of corresponding dynamical symmetry is based on U0(1)×U(1)×SU(2)
group. As it must be, the global symmetry of the chiral model takes place here, and, in
a general case, the total chiral group of symmetry should be localized. However, for the
application of the gauge approach to the ρ− and ω− strong and electromagnetic decays, it
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is reasonably to localize the diagonal sum of SUL,R(2) subgroups together with the additional
U(1) groups.
The traditional σ- model is a part of the model involving nonlinear terms of self-action.
The σ-model symmetry can be realized in various representations of the global groups:
O(4), SUL(2)× SUR(2), SU(2)×G(3), where SU(2) means the diagonal sum of SUL,R(2)
subgroups. For all these cases we have six independent parameters of transformations.
Transformation of the quark doublet is:
q
′
= q +
i
2
(αaτ
a + βaτ
aγ5)q
= q +
i
2
(α+ β)τaqR +
i
2
(α− β)aτaqL, (2.1)
where αa are the parameters of the SUL+R(2) group and βa are the parameters of the
SUL−R(2) group. Thus, here we use SU(2)×G(3) = SUL+R(2)× SUL−R(2) representation
for π and σ fields. Then, the corresponding transformation properties fo (σ, π) are:
π
′
a =πa + ǫabcαbπc + βaσ,
σ
′
=σ + βaπa.
Having two sets of independent parameters αb and βa, to describe strong and electro-
magnetic interactions it is sufficient to localize the αb set together with the parameters of
U(1) groups. (To consider weak interactions the localization of the βa parameters should be
added.) As it is seen, the triplet of pions is the adjoined representation of the gauge group.
At the same time, the quark doublet u, d is the fundamental representation of this group.
Thus, we consider the triplet πa, the singlet σ-meson and u, d-quarks as fields of matter.
The physical scalar fields, emerging from the initial Higgs multiplets, can be associated
with the scalar mesons a0(980) and f0(980).
From these considerations the model Lagrangian is:
L = iq¯Dˆq − κq¯(σ + iπaτaγ5)q + 1
2
(Dµπ
a)+(Dµπ
a) +
1
2
∂µσ∂
µσ +
1
2
µ2(σ2 + πaπa)
− 1
4
λ(σ2 + πaπa)2 + (DµHA)
+(DµHA) + µ
2
A(H
+
AHA)− λ1(H+AHA)2 − λ2(H+AHB)(H+BHA)
− h(H+AHA)(σ2 + πaπa)−
1
4
BµνB
µν − 1
4
VµνV
µν − 1
4
V aµνV
µν
a . (2.2)
Here q = (u, d) - is the first generation quark doublet; H1,2 - two scalar fields doublets
with hypercharges Y1,2 = ±1/2, a = 1, 2, 3 and A = 1, 2. The gauge derivatives and field
strengthes are:
Dˆq = γµ(∂µ − i
6
g0Bµ − i
2
g1Vµ − i
2
g2V
a
µ τa)q;
Dµπa = ∂µπa − ig2V bµ ǫbacπc;
DµH1,2 = (∂µ ± i
2
g0Bµ − i
2
g1Vµ − i
2
g2τaV
a
µ )H1,2;
Bµν = ∂µBν − ∂νBµ, Vµν = ∂µVν − ∂νVµ;
V aµν = ∂µV
a
ν − ∂νV aµ + g2ǫabcV bµV cν . (2.3)
4
In principle, the gauge invariant term BµνV
µν can be added to the Lagrangian. However,
this term can be diagonalized from the very beginning by the orthogonal transformation of
the initial Bµ and Vµ fields. So, we get the same Lagrangian with the redefined Bµ and Vµ
fields.
To describe the realistic processes of decays and scattering we introduce also the interac-
tions of leptons with U0(1) and U(1) fields in the gauge form:
Ll = il¯Dˆl = il¯γ
µ(∂µ − ig0Bµ − iεg1Vµ)l, (2.4)
where interaction of Vµ field with leptons is driven by the phenomenological coefficient ε.
Note that the origin of the last term in the above formula is specific. Namely, this term is
caused by the nondiagonal BµνV
µν part of the initial Lagrangian. Thus, the interaction of
leptons with the Vµ vector field occurs allowing to describe the decays ρ
0 → e+e−, ω → e+e−
(see the Section 4).
The introducing of the vector fields to the theory in a gauge way provides universality of
coupling with vector fields, i.e. it strictly bounds the number of free parameters. So, this
approach raises the predictability of the model. The analogous universality of vector and
pseudoscalar meson interactions was analyzed in [24] in a phenomenological way.
Physical states are formed by the primary fields mixing when mass quadratic forms of
scalar and vector fields are diagonalized. At the tree level the mass forms arise as a result
of vacuum shifts:
< σ >= v, < H1 >=
1√
2
(v1, 0), < H2 >=
1√
2
(0, v2).
Note, the loop contributions to the mass matrix can play an essential role in the mixing
of mesons. So, in a general case this matrix has the form:
M2(s) =M20 + Π(s),
where M20 is formed by the shifts and Π(s) by the self-energy insertions. In our case these
insertions are significant for the description of the ω − ρ0 mixing.
As the result of the diagonalization of vector and scalar mass forms, we get the model
spectrum of the vector and scalar multiplets. The gauge status of vector mesons ρ(770) and
ω(782) is confirmed by the calculation of their model mass spectrum and decay properties.
These model parameters are in agreement with the experimental data for dominant decay
channels of vector mesons [34]. Moreover, due to the presence of free parameters in the
scalar sector, it is possible to describe the mass spectrum and decay channels of the scalar
mesons σ (or f0(600)), a0(980) and f0(980), which have the status of Higgs scalars in the
model (see also Eqs.(2.11) and comment).
An emergence of primary hadron component in the photon is an important consequence
of the mixing in the gauge sector. The structure of the vector boson physical states can be
illustrated in a tree approximation (when M2(s) =M20 ) by the following expressions:
Aµ = cos θ · Bµ + sin θ · V 3µ ,
ωµ = cosφ · Vµ + sinφ · (sin θ · Bµ − cos θ · V 3µ ),
ρ0µ = sinφ · Vµ + cos φ · (− sin θ · Bµ + cos θ · V 3µ ), (2.5)
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where the mixing angle θ is determined under the diagonalization of the vector fields
quadratic form. Due to the mixing (2.5) the processes with initial ”unphysical” photon,
e+e− → γ′ → X , give contributions to the processes with the intermediate hadron states:
e+e− → γ, ω, ρ0 → X. (2.6)
Some parameters of the mixing can be fixed from the experimental data on the vector
meson decays. It will allows to describe some decays properties of vector mesons considered
in this paper. The tree form of the mixing (2.5) is caused by the diagonalization of the
real mass matrix (this matrix is generated by the vacuum shifts only, without an account of
any self-energy insertions) with the help of the real orthogonal matrix. Together with the
tree real gauge couplings, it leads to the absence of the relative phase in the ρππ and ωππ
channels at the tree level (see (2.7)). Experiments, however, indicate that there is a nonzero
relative phase shift between amplitudes of e+e− → ρ0 → π+π− and e+e− → ω → π+π−
processes (it is interpreted as ρ− ω mixing effect in the pion formfactor).
In a phenomenological approach, the complexity is introduced into the superposition of
pure isospin |ρI > and |ωI > states. So, the needed relative phase is a free parameter which
is determined from the fit to the experiment [35, 36, 37, 38, 39, 40].
Note, such important feature of vector mesons physics as the ρ0 − ω mixing, can be
reproduced in the model at the loop level. As a rule, physical vector states of ρ− and ω−
mesons are described as linear combinations of pure isospin states with complex coefficients.
It results to the relative ρ − ω mixing phase. In our model the complexity cannot be
directly introduced into the superposition of operator fields (2.5), because it describes the
physical neutral fields. To reproduce the relative phase, we would treat the complexity in
a following way. Namely, instead of tree sinφ and cosφ we should have absolute values of
the renormalized parameters of mixing in the superposition (2.5). Then, the corresponding
phase should be introduced into the renormalized couplings as the vertex factors (see (2.7)
and (2.8)). This treatment is equivalent to the known approach when physical meson states
are the complex superpositions of pure isospin vector states [35, 36, 37].
The necessary phase value can be provided in the framework of this model due to presence
of free parameters, in particular, in the scalar sector (σ, f0, a0, π− couplings). Certainly,
these free parameters should be fixed simultaneously from the analysis of the σ, f0, a0-
decays.
For the processes, which are under consideration in this paper, the relative ρ − ω phase
is inessential, so we do not use it here. An analysis of the vector mesons mass matrix with
an account of loop contributions and the study of the ρ−ω mixing in the model will be the
subject of a forthcoming paper.
Now, we give the main part of the physical Lagrangian which will be used for calculations:
LPhys = u¯γ
µu(
2
3
eAµ + guωωµ + guρρ
0
µ) + d¯γ
µd(−1
3
eAµ + gdωωµ + gdρρ
0
µ)
+
1√
2
g2ρ
+
µ u¯γ
µd+
1√
2
g2ρ
−
µ d¯γ
µu+ ig2ρ
+µ(π0π−,µ − π−π0,µ) + ig2ρ−µ(π+π0,µ − π0π+,µ)
+ ig2(π
−π+,µ − π+π−,µ)(sin θ Aµ − cos θsφ ωµ + cos θcφ ρ0µ)
−
√
2iκπ+u¯γ5d−
√
2iκπ−d¯γ5u− iκπ0(u¯γ5u− d¯γ5d)
+ 2g2e cos θcφ ρ
0
µA
µπ+π− − 2g2e cos θsφ ωµAµπ+π−. (2.7)
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In Eqs.(2.7):
guω =
1
2
g1cφ +
1
2
sφ (
1
3
g0 sin θ − g2 cos θ) ,
guρ =
1
2
g1sφ − 1
2
cφ (
1
3
g0 sin θ − g2 cos θ) ,
gdω =
1
2
g1cφ +
1
2
sφ (
1
3
g0 sin θ + g2 cos θ) ,
gdρ =
1
2
g1sφ − 1
2
cφ (
1
3
g0 sin θ + g2 cos θ) , (2.8)
where sφ and cψ are the complex (renormalized) parameters of the V − B mixing with
account of the self-energy insertion to the mass matrix.
There are also another parts of the interaction Lagrangian, which have the structures
HV V and HHV . Here H and V are the sets of scalar and vector physical fields. The
used identification of the gauge and Higgs fields components provides the invariance of the
physical Lagrangian under the CP transformations.
Some relations arise as a direct consequences of the model:
sin θ =
g0√
g20 + g
2
2
, e = g0 cos θ, v
2
1 + v
2
2 = 4
m2ρ±
g22
, |sφ| = g1
g2
√
m2ρ± −m2ω(g22/g21)
m2ω −m2ρ0
. (2.9)
The value of g0 can be found from the second relation e = g0 ·g2/(g20+g22)1/2. Values of g2
and |sφ| (or g1) are fixed from the experimental values of Γ(ρ+ → π+π0) and Γ(ω → π+π−).
It should be noted, the last decay takes place due to the mixing (2.5) only. Thus, we extract
the values of main model parameters which we use to describe another decay properties of
mesons:
g20/4π = 7.32 · 10−3, g21/4π = 2.86, g22/4π = 2.81,
|sφ| = 0.031, sin θ = 0.051, v21 + v22 ≈ (250.7MeV)2. (2.10)
These values were applied for calculation of the vector meson radiative decay widths to verify
the gauge vector dominance approach. In our strategy of calculations the strong couplings
are extracted from the above mentioned processes as the effective final values. So, we do
not need in loop corrections to these couplings. At the same time, electromagnetic vertices
should be renormalized by the strong interactions (for details, see the decay ρ0 → e+e−
which is considered in the fourth section).
In addition to (2.7) we give also a part of the Lagrangian, describing an interaction of
the scalar mesons with π-mesons:
Lpih = (π
0π0 + 2π+π−)(gσpiσ0 + gfpif0 + gapia0). (2.11)
This part of the Lagrangian contains free coupling constants and makes it possible to describe
the dominant decay channels of scalar mesons - f0(980)→ ππ and σ0 ≡ f0(600)→ ππ [34].
The decay channel a0 → ππ is not observed and from the model coupling
gapi = h(v2 − v1)/
√
2
it follows that v2 ≅ v1. So, in the scalar sector the residual global SU(2)- symmetry
approximately takes place after the shift. Exact symmetry, v1 = v2, is not possible because
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it forbids the decay channel ω → π+π−, which is observable experimentally. Evidently, the
inequality v1 6= v2, violating the global isotopic SU(2) symmetry, is related with an account
of the electromagnetic interaction in the model.
There are no two-photon decays of scalar mesons at the tree level, i.e. these channels are
suppressed in the frame of the model. Thus, the status of scalars as the Higgs mesons does
not contradict to their observed mass spectra and decay properties.
Because of the model two-level structure corresponding to the meson-meson and quark-
meson interactions, both of them are tested independently in two-particle and three-particle
channels. It is seen from (2.7) that the meson-meson Lagrangian describes both tree and
loop level processes, while the quark-meson interactions occur in the model at the loop level
only.
3. RADIATIVE DECAYS ρ0 → pi+pi−γ AND ω → pi+pi−γ
Radiative decays of neutral vector mesons of the type V → ππγ are an object of steady
attention during some decades (see [31, 32] and also [41]-[45]). Experimental investigation
of these reactions and accompanied theoretical speculations contribute to the understanding
of hadron intermediate states and low energy dynamic of meson interactions.
In the channels where the charged pair π+π− is formed, dominant contribution comes
from tree diagrams corresponding to the vector dominance approximation [42, 45]. Radiative
decays ρ0 → π+π−γ and ω → π+π−γ are described by meson-meson sector of the gauge
model.
At the tree level, the former decay is represented by the diagrams in Fig.1. The total
_
_
_
0
_
+pi
+
pi
+
=γ
ρ ρ
pi
pi
γ
ρ
pi
pi
γ ρ
pi
pi
γ
0
0 0
+
+ +
Figure 1: Feynman diagrams for radiative decay ρ0 → pi+pi−γ.
amplitude for the process is:
M tot =
igeµρe
ν
γ
8π2(k0ρk
0
γk
0
+k
0
−)
1/2
[
gµν +
2k−µ k
+
ν
(kγ + k+)2 −m2pi+
+
2k−ν k
+
µ
(kγ + k−)2 −m2pi
]
. (3.1)
Here g = eg2 cos θ|cφ| and eµρ , eνγ are polarization vectors for ρ0 - meson and photon,
kρ, kγ, k+, k− are 4-momenta for all particles in the process. In (3.1) we omit all terms
which are equal to zero on the mass shell in the transversal gauge. For comparison with the
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experimental spectrum of photons (see the work of Dolinsky, [44]) the differential width is
presented in the form:
dΓ(Eγ)/dEγ =
G
κ
(F1(κ) + F2(κ) lnF3(κ)) , (3.2)
where:
κ = Eγ/mρ, G = αem · g22 cos2 θ · |cφ|2/24π2, µ = m2pi/m2ρ ,
F1(κ) =
(
1− 2κ− 4µ
1− 2κ
)1/2 (−1 + 2κ+ 4κ2 + 4µ(1− 2κ)) ;
F2(κ) = 1− 2κ− 2µ(3− 4κ− 4µ);
F3(κ) =
1
2µ
[
1− 2κ− 2µ+ ((1− 2κ) · (1− 2κ− 4µ))1/2
]
. (3.3)
50 100 150 200 250 300 350
-0,2
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dB
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E
  
*1
04
 , 
   
M
eV
 -1
E   ,    MeV
1
2
1 - fit to experiment with multiplicative parameter
2 - theoretical prediction without free parameters
Figure 2: Photons spectrum in ρ→ 2piγ decay .
Our numerical results, which follow from (3.2) and (3.3), agree with the results of
[41, 42, 43] given by the vector dominance approach. In Fig.2 the theoretical spectrum
of photons in comparison with the experimental data (from [44]) are represented. The
curve (2) in Fig.2 describes the spectrum dB(Eγ)/dEγ, normalized by the total width. Here
dB(Eγ) = dΓ(Eγ)/Γ
ρ
tot, and it does not depend on the model coupling constants. The curve
(1) represents the model fit of the experimental data with the help of a single free multi-
plicative parameter. As it is seen, this fitted curve (1) improves the prediction at the low
energy range. This effect can be caused by the renormalization of gρpipi coupling.
To improve the theoretical spectrum near Emax it was suggested to consider the loop
corrections (see [41] and [42]). However, this consideration is reasonable only if the more
detailed and reliable experimental data on the photon spectrum are available.
Integration of (3.2) from Eminγ = 50MeV up to E
max
γ = mρ(1 − 4µ)/2 gives the value
of partial ρ- meson branching B(ρ0 → π+π−γ) = 1.17 · 10−2 which slightly exceeds the
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experimental value Bexp(ρ0 → π+π−γ) = (0.99± 0.16) · 10−2 from [34]. An account of the
loop contributions (with the phenomenological couplings) leads to the result: Bphen(ρ0 →
π+π−γ) = (1.22 ± 0.02) · 10−2 [42]. It should be noted that there is some discrepancy
between the experimental branching and the one following from the integration of spectrum
(see Fig.2). Namely, an excess of Btheor over Bexp can be caused by the deviation of the
theoretical spectrum from the experimental one at the energy range Eγ < 75MeV (to the
left of the first point of the experimental data in Fig.2).
Decay characteristics of the process ω → π+π−γ at the tree level are computed analo-
gously with the following replacement in (3.1) - (3.3): cφ → sφ in G, and mρ → mω in κ and
µ. The partial width for the decay is damped by the small mixing parameter, |sφ| ≈ 0.034,
so we have B(ω → π+π−γ) = 4.0 · 10−4 and B(ω → π+π−γ) = 2.6 · 10−4 for Eminγ = 30MeV
and 50MeV, respectively. These estimations do not contradict to the experimental restric-
tion Bexp(ω → π+π−γ) ≤ 3.6 · 10−3 [34] and agree with the theoretical results of [45].
Thus, the same set of the fixed parameters (the gauge constant and two mixing tree angles)
describes two different decays at the tree level. Certainly, loop corrections can be important
for the case due to the smallness of the tree contribution, see, for example [45, 46]. In
analogy with the results of these papers, loop corrections can increase B(ω → π+π−γ) up
to (2− 3) · 10−3, which does not contradict again to the upper limit of the experiment.
As it was noted above, consideration of the loop corrections to the decay ρ0 → π+π−γ in
[42]-[45] was intended to describe the photon spectrum fine structure. However, it increases
the discrepancy between the model and experimental values of the total width. Quanti-
tatively, this effect depends on the underlying model. Moreover, in effective theories an
account of loop diagrams (for some process arising at the tree level) has some subtleties
connected with the compensation of divergencies and renormalizability. For the processes
which occur at the loop level only, these problems are absent — all divergencies are summed
to zero when all external lines are on the mass shell [47]. An examples of such loop processes
will be given in the next section.
The usage of parameters from (2.10) together with the constants gρee and gωee extracted
from the widths of ρ0 → ee and ω → ee decays, leads to the correct estimation of the cross
section in the peaks vicinity, σtheor ≈ σexp ≈ 1.3mkb.
As it was noted above, the tree approximation (without an account of the ρ− ω mixing
at the loop level) does not allow us to describe the resonance curve in this region in details.
A relative ρ− ω phase consideration is a very essential for the resonance curve description.
4. RADIATIVE DECAYS ρ0 → pi0γ, ω → pi0γ AND LEPTONIC DECAY ρ0 → e+e−
In the most papers these decays are defined by the phenomenological vertices which are
introduced at the tree level [1]. In the model considered, radiative decays ρ0, ω → π0γ and
three-particle decays ω, ρ → 3π occur via quark loops with the gauge vertices. One-loop
diagrams for the decays ω, ρ0 → π0γ are shown in Fig.3, where q = u, d denote quark fields.
Total amplitude for the process ω → π0γ has the following form
Mω =
−2iπ2Ncgmq
(2π)9/2(2p0k0γk
0
pi)
1/2
eµωe
ν
γk
α
γ p
βǫµναβ · C0(0, m2ω, m2pi;mq, mq, mq). (4.1)
Here Nc = 3 is the color factor, vertex constant g = g1eκ|cφ| (κ is the constant of qqσ-
interaction, see (2.7)) and C0(0, m
2
pi, m
2
ω;mq, mq, mq) is the three-point Passarino - Veltman
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,
0ρω
0
γ
q
q + C. C.
q
pi
Figure 3: Feynman diagrams for the radiative decay ρ→ pi0γ.
function [48]. For the constituent quark mass we suppose mu ≈ md = mq. Substituting the
function C0 into (4.1), we have:
Γ(ω → π0γ) = 3αg
2
1
27π4
|cφ|2 mq
m3q
mωf 2pi
(
1− m
2
pi
m2ω
)
|Lω|2. (4.2)
Function Lω is
Lω = Li2
(
2
1 +
√
λ1
)
+ Li2
(
2
1−√λ1
)
− Li2
(
2
1 +
√
λ2
)
− Li2
(
2
1−√λ2
)
,
where λ1 = 1 − 4m2q/m2ω, λ2 = 1 − 4m2q/m2pi and the decay constant fpi = 93MeV. In (4.2)
it was used the Goldberger-Treiman relation κ ≈ mq/fpi (see, for example, [24]). It defines
the coupling κ through the constituent quark mass. Then the constituent quark mass value,
which is taken as a free parameter, can be found from the widths fit.
The decay ρ0 → π0γ is described by the diagrams in Fig.3 with the corresponding re-
placement of the coupling constant. The expression for the width is
Γ(ρ0 → π0γ) = αg
2
1
3 · 27π4 |cφ|
2 ·
(
cos θ · g2
g1
)2
mq
m3q
mρf 2pi
(
1− m
2
pi
m2ρ
)
|Lρ|2. (4.3)
Note that the relation Γ(ρ0 → π0γ)/Γ(ω → π0γ) ≈ 1/32 follows from the isotopic structure
of ρqq, ωqq and γqq vertices (2.7)-(2.8) (here we omit small terms proportional to sin θ and
sφ). Both the widths are in a good agreement with the experimental data [34] when the
effective quark mass value is mq = 175± 5MeV:
Γtheor(ω → π0γ) = 0.74± 0.02MeV, Γexp(ω → π0γ) = 0.76± 0.02MeV;
Γtheor(ρ0 → π0γ) = 0.081± 0.003MeV, Γexp(ρ0 → π0γ) = 0.090± 0.012MeV. (4.4)
Thus, the fitting of two widths by one model parameter - mass of the constituent quark mq,
gives mq = 175± 5MeV.
This quark mass value can be understood in a connection with the schematic represen-
tation of the quark-gluon content of hadrons.
Specifically, for the nucleon and ρ- meson masses we can write approximately
mN = 3mq +mG; mρ = 2mq +mG. (4.5)
Here we use an effective quark mass, mq, and suppose the same gluon component of
meson and baryon structure, mG. From this system of equations it follows mG ≈ 435MeV
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and mq ≈ 170MeV. The latest value nearly coincides with the quark mass assessment
resulting from the decay channels analysis. Note that a sufficiently low quark mass value
mq ≈ 230MeV together with the mσ ≈ 470MeV are followed from the composite-meson
model with the four-quark interaction [49].
So, the model discussed introduces the constituent quark which is differed from the tra-
ditional effective quark component of a hadron with mq = mN/3 ≈ 300MeV (see, however,
[51]).
Moreover, the value of mG makes it possible to interpret the meson σ0 = f0(600) as
the (mostly) glueball state [52, 53]. It does not contradict to some known ideas on the
gluon nature of σ− meson (see [50] and references therein for the review of scalar meson
properties). If it is the case, the low value of the constituent quark mass can be treated
as the consequence of a model separation of the quark and gluon degrees of freedom in
a hadron. Hence, the value of mq, which is essentially lower than 300MeV, provides the
agreement of the model results with the experiment for the processes under consideration.
Of course, if we explanate the σ-meson as the effective glueball state, we need in an
detailed analysis of its properties and manifestations in the model. This studying will be
presented in a forthcoming paper. Note also that the σ− meson was carefully analyzed,
supposing the meson is a q¯q state, in [54, 55], for instance.
In an analogy with the process π → γγ, the decays under consideration can contain
an anomaly contribution caused by the πqq vertex. This contribution is small here due to
the smallness of the ratio m2pi/m
2
ρ, that is approximation mpi = 0 takes place with a good
accuracy. It is known that the same approximation is not admissible for the decay π → γγ,
where the anomaly contribution dominates.
An analysis of this decay in our model is coincide with the one in [24], for example.
Namely, due to the dominant anomaly contribution, the decay amplitude is again
Mpi0γγ =
αNc
3πfpi
,
i.e. it depends on the fpi and does not contain the quark mass. The constant fpi arises in the
amplitude from pion-quark coupling which is κ = mq/fpi, as it dictates by the Goldberger-
Treiman relation. So, our value of the quark mass corresponds to the (lower) pion-quark
coupling, κ, providing, however, the reasonable values for ρ(ω) → π0γ widths. Note also
that in the consideration of loop three-particle decays ω(ρ) → π0π+π− we will have in this
model a non-negligible ratio m2pi/m
2
q as a consequence of this relatively low quark mass (cf.
with [30]). Nevertheless, an accurate calculations give for Γ(ω(ρ) → 3π) the values which
are in agreement with the data (these results will be discussed in the forthcoming work too).
One of the most important features of the model is the implantation of electromagnetic
(EM) interaction into the gauge scheme of strong interactions. The mixing of the gauge
fields leads to the effect of mutual renormalization of the interaction couplings. Now we
discuss the decay ρ0 → e+e− which is caused mainly by the EM interaction. At the tree
level this process is described by the vertex following from (2.4) and the mixing (2.5).
Corresponding decay coupling is gρee ≈ g1 sin θ = e tan θ, so it gives Γtr(ρ→ ee) = 4.6KeV,
while the experimental decay rate is Γexp(ρ → ee) = 7.0KeV [34]. Here we show that this
discrepancy can be eliminated due to renormalization of the decay coupling gρee by the strong
interactions. In the one-loop approximation there are two types of diagrams which give the
main contribution to the renormalization (see Fig.4). In this figure, solid lines correspond
to ρ, π, q, and a0 (or all set of scalar particles, s), and wavy lines correspond to γ and ρ
0.
All extra diagrams are damped by the small mixing parameters.
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γγ
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_
ρ,pi,
ρ
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ρ0
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Figure 4: Loop diagrams for the decay ρ0 → e+e−.
As a result, we get full amplitude of the process:
M =Mtr · [1 + k · δγ(µ)], (4.6)
where k = (g22 cos θ/4π)
2 and δγ(µ) is the sum of the loop contributions. Finally, the decay
rate has the form:
Γ(ρ→ ee) = κ(µ) · Γtr(ρ→ ee), (4.7)
where κ(µ) = (1 + k · δγ(µ))2 and µ is the renormalization parameter. The function δγ(µ)
in the MS scheme is:
δγ(µ) =− 1891
108
+
44
9
kq − 7
3
ka − 8
3
kpi +
ks
cos2 θ
+
23
4
lnµρ − 1
3
(1 + 8kpi) lnµpi
+
1
6
(6ka − 1) lnµa − 4
3
(1 +
1
3
kq) lnµq − ks
cos2 θ
lnµs +
√
3 · 33
2
arctan
1√
3
− 1
3
(1− 4ka)
√
βa arctan
1√
βa
− 4
3
(1 +
1
2
kq)
√
βq ln |
1 +
√
βq
1−√βq |
− 1
3
(1− 4kpi)
√
βpi ln |1 +
√
βpi
1−√βpi
| , (4.8)
Here we use normalized quantities:
kq =
m2q
m2ρ
, ka =
m2a
m2ρ
, kpi =
m2pi
m2ρ
, ks =
m2s
m2ρ
,
µρ =
m2ρ
µ2
, µq =
m2q
µ2
, µa =
m2a
µ2
, µpi =
m2pi
µ2
, µs =
m2s
µ2
,
βq = 1− 4kq, βpi = 1− 4kpi, βa = 4ka − 1. (4.9)
In the MS scheme an additional term arises in (4.8):
∆δγ = (C + ln π)(
47
12
− 4
9
kq + ka) , (4.10)
where C + ln π ≈ 1.7219. With the help of the expressions (4.6)-(4.10) we have found
that Γth = Γexp when the renormalization parameter µ ≈ 550MeV in the MS scheme and
µ ≈ 1325MeV in the MS scheme. So, strong interactions lead to the large renormalization of
the EM coupling and the physical result κ(µ) ≈ 1.5 is obtained within the framework ofMS
scheme when the renormalization scale µ is in the range of typical meson masses. The value
of κ(µ) depends on the masses of quarks and scalar mesons very weakly. The quark mass
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changing from 175MeV to 300MeV leads to the variation of µ lower than 5%. Variation
of µ due to the increasing of scalar mass from 450MeV up to 1000MeV is approximately
3%. An analogous effect takes place for the decay ω → e+e−, but in this case we have use
free parameter (ε from (2.4)). The presence of this parameter makes it possible to get the
accordance Γth(ω → e+e−) = Γexp(ω → e+e−) for the same values of µ.
5. CONCLUSIONS
The linear sigma-model is the most popular approach in the description of low-energy
hadron interaction. We have considered the gauge generalization of this model and include
quark degrees of freedom explicitly. In the gauge scheme the vector meson dominance occurs
in the tree-level processes. The quark-meson sector describes some loop-level processes, when
quark structure of mesons plays a noticeable role.
The model is applied to some radiative decays of mesons which are intensively discussed
in the literature. Decays ρ0 → π+π−γ and ω → π+π−γ have been considered within the
framework of the vector dominance gauge variant. The results are in good accordance with
the experimental data. The radiative decays ρ0 → π0γ and ω → π0γ take place at the loop
level only, when the quark-meson interaction is important. For these cases we get results
in agreement with the experiment too. Decay channel ρ0 → e+e− can be described by the
model when we take into account the electromagnetic decay constant renormalization by
strong interactions.
From the analysis we fulfilled, it follows that the radiative decay rates of vector mesons
can be calculated with a good accuracy within the framework of the gauge model. Quantum
field approach to the vector dominance in meson interaction can be also supplemented by
the quark-meson interaction which expands the linear sigma-model.
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